INTRODUCTION

Pathogenicity of acquired immunity in human diseases
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CD4
+ helper T cells help the function of other immune cells and are thereby critical immune cells for the host defense against infection with harmful microorganisms. Thus, this population plays a central role in adaptive immunity. However, CD4
+ helper T cells can also be involved in the pathology of various immune-related inflammatory diseases, including allergic diseases and auto-immune diseases [1, 2] (Fig. 1 ). In the classical point of view, helper T cells were recognized to have two major fates, T helper 1 (Th1) and Th2 cells, but recent advances in research have revealed opportunities for diverse helper T cell subsets, beyond Th1 and Th2 cells. The new subsets of helper T cells include follicular helper T (Tfh) cells, Th9, Th17, Th22, and different types of regulatory T cells [3] [4] [5] [6] .
Among these subsets, Th17 cells produce IL-17A, IL-17F, IL-22, TNF, and GM-CSF and are involved in various types of inflammatory diseases [7] . Yasuda et al. reviewed the molecular basis for Th17 cell differentiation and the effector function in chronic inflammation, especially chronic joint inflammation [8] . They also discussed a pathogenic role of GM-CSF, a key proinflammatory cytokine in autoimmune tissue inflammation [9] . In contrast, regulatory T (Treg) cells are crucial for maintaining immune homeostasis in vivo [10] . Göschl et al. reviewed the transcription and epigenetic regulation of Treg cells [11] . They also discussed the possibility of Treg cellbased therapies.
In addition to the diversity of CD4 + T cell subsets, emerging data indicate that CD4 + helper T cells show increased plasticity [12] . Functionally, we are beginning to understand the importance of epigenetic regulation such as histone modification and DNA methylation in the appropriate differentiation, activation, and maintenance of helper T cells [13] . Liu et al. reviewed the dysregulation of epigenetic modification in CD4 + T cells, which are closely related to autoimmune diseases [14] . Kurachi et al. also discussed the epigenetic regulation of T cells, especially CD8 + T cells [15] . Rapid technological development allows us to investigate the transcriptional difference at a single-cell level in CD4 + T cell populations, revealing the unexpected diversity of various types of immune cells [16] . In the case of Th2 cells, various types of Th2 cells are involved in type 2 immunity-mediated diseases [17] [18] [19] [20] [21] [22] [23] . Among these subpopulations, IL-5-producing memory Th2 cells, which are induced by the stimulation with an epithelial cytokine, IL-33, are known to contribute to the pathogenicity of chronic allergic inflammation via the recruitment of eosinophils into the local inflammatory sites in both humans and mice. Thus, this memory Th2 subset was named pathogenic Th2 (Tpath2) cells [19] . Chronic inflammation often causes fibrotic responses in a variety of organs [24] . In the case of the respiratory tract, irreversible asthma is associated with structural alterations of the airway wall such as subepithelial thickening, vascular changes, and fibrosis [25] . An amphiregulin-producing subpopulation of memory Tpath2 cells, which is distinct from IL-5-producing memory Tpath2 cells, is critical for shaping the pathology of fibrosis during chronic allergic inflammation [23] , [26] .
The lung has a unique mucosal barrier system consisting of various types of immune cells which serves to protect the host from the continuous invasion by environmental hazards and pathogens. The migration of CD4 + T cells into the inflamed mucosal barrier is a critical step in the pathogenesis of inflammatory diseases. Kimura et al. reviewed the BCD69-Myl9 nets system^that helps antigen-specific Th2 cells infiltrate inflamed tissues [27] . In addition to the lung, the skin protects the host as a mucosal barrier [28] . Sabat et al. reviewed the T cell pathology in immune-mediated skin diseases [29] . The intestine is another major organ that is continuously exposed to extrinsic antigens, such as food [30] . Hagiwara et al. focused on inflammatory bowel diseases (IBDs) and reviewed the epigenetic regulation of helper T cell differentiation and the pathogenic role of CD4 + helper T cells in chronic intestinal inflammatory diseases [31] . Kwok et al. reviewed the unique roles of invariant natural killer T (iNKT) cells and mucosalassociated invariant T (MAIT) cells at barrier tissues such as the lung and skin [32] .
Fortunately, we are beginning to understand the cellular and molecular basis for the complexity of T cell pathology and these new insights provide a more sophisticated understanding of immune-mediated disease and new opportunities for therapy. + subset with essential immunosuppressive functions. However, different pathogenic T (Tpath) cell subsets are also associated with immune-mediated diseases, including allergic diseases and auto-immune diseases. IBD, Inflammatory bowel disease.
